The research described in this article was funded by the Department of Health in England under the Policy Research Unit in Economic Evaluation of Health and Care Intervention (EEPRU) based at the University of Sheffield and University of York. The sponsors had no involvement in the analysis or interpretation of the data or findings presented here or the decision to submit the article for publication. We are grateful to our clinical advisors who provided excellent input along the different stages of the research. cision making in many settings worldwide (1) . The HTA process involves a systematic evaluation of the direct (intended) and indirect (unintended) effects and impacts of healthcare technologies. Organizations such as the Pharmaceutical Benefits Advisory Committee (PBAC) in Australia, the Heath Care Insurance Board (CVZ) in the Netherlands, and the National Institute for Health and Care Excellence (NICE) in the United Kingdom now publish guidelines to ensure consistency and transparency in the HTA decision-making and reimbursement process (2) (3) (4) .
Once the therapeutic value of novel interventions is established, evidence of value for money and efficiency is required before allocation of scarce healthcare resources in many settings. To ensure consistency and increase the quality of evidence submitted, NICE provides detail of a "reference case" for economic evidence used to support submissions (4) . While some of NICE's requirements (such as discount rates and perspectives on costs) differ from those stipulated for non-UK settings, many are essential requirements for any economic evaluation in healthcare. These are clearly defined, relevant comparators; systematic literature reviews for health effects; synthesis of clinical evidence where applicable; suitable time horizons; health related quality of life (HRQoL) data reported by patients; and exploration of uncertainty (5-7). An often recommended criterion, which is not standard across the board, is that results are reported in terms of incremental cost per quality-adjusted life-year (QALY) whereby the HRQoL weights for the QALY are valued by the general population (4;8) .
The last decade has seen a rapid growth in the volume of literature describing economic evaluations of interventions in healthcare. In particular the number of articles describing cost-effectiveness evaluations in cancer has increased substantially as new pharmaceuticals are brought to market. Surgery, radiotherapy, and chemotherapy are the main treatments for cancer (9), and considerable proportions of healthcare budgets are consumed by these interventions. In 2010-2011, cancer was the third largest category of the overall UK healthcare budget, accounting for 5.4 percent of the overall cost at £5.8 bn (EUR 7.24 bn) (10), while total economic costs attributed to colorectal, breast, and prostate cancers were estimated to be £1.6 bn (EUR 2.0 bn), £1.5 bn (EUR 1.87 bn) and £0.6 bn (EUR 0.75 bn), respectively (11) . Although the clinical and cost-effectiveness of novel pharmaceutical interventions for cancer is well documented due to the submission processes for reimbursement in many settings, it is unclear whether existing and novel surgical and radiotherapy interventions are treated with the same rigorous scrutiny.
The objective of the study was to examine the methodological and empirical cost-effectiveness evidence specifically in relation to surgical interventions in breast, colorectal and prostate cancer. Relevant literature was identified through systematic searches and methodological standards were assessed using quality criteria, both essential and preferred, and informed by the NICE reference case.
METHODS

Search Strategy
Systematic searches were undertaken (April 2012) in the following databases: Medline, EMBASE, CDSR, NHSEED, HTA, DARE, and EconLit. The CEA registry, the NICE website, recent conference proceedings, and reference lists of any included studies and existing reviews were also searched. No language, publication, or date restrictions were applied to the searches. The full search strategy is available online (12) .
Study Selection Strategy
Studies were selected for inclusion in two stages. An initial sieve was conducted on title and abstract and full articles were retrieved for any potentially relevant studies. Studies were included in the reviews if they assessed the cost-effectiveness of a surgical technique in individuals with either breast, colorectal, or prostate cancer, and presented results in the form of an incremental cost per QALY or an incremental cost per life-year [LY]). Data were extracted using a customized template designed to capture relevant information (Table 1 -2). Studies were quality appraised (Figure 2 ) in terms of meeting essential (items 1-7: patient group and indication clearly defined, comparators clearly defined, effectiveness evidence based on a systematic review, appropriate time horizon, HRQoL data reported directly by patients or carers, probabilistic sensitivity analysis used to quantify uncertainty), preferred (items 8-9: cost-effectiveness analysis using QALYs, HRQoL preference data valuation by representative sample of the public), and UK NICE specific (items 10-14: 3.5 percent discount rate, comparators used in NHS, UK setting, UK NHS and personal social services costs, cost per QALY below the NICE threshold value, assumed to be £30 k per QALY for evaluations in cancer (i.e., society is willing to pay £30k [EUR 37.4 k] for one additional QALY) requirements for economic evaluations in healthcare (4) . Many of the criteria that were applied are relevant to economic models irrespective of setting and the preferred items overlap with those in published quality checklists (8;13). The evidence was reviewed by a single researcher and any issues were discussed within the review team until a consensus was achieved in cases of uncertainty or lack of clarity.
RESULTS
The searches identified 1,133, 2,408, and 722 unique references for the breast, colorectal and prostate cancer reviews, respectively ( Figure 1 ). Seventy-eight full papers were retrieved for detailed inspection. Of these, sixteen studies met the inclusion criteria (Table 1) . One additional study published after completion of the searches was identified and has been included in this article.
Three studies were in breast cancer (publication dates 1997 to 2003) (14) (15) (16) , seven were in colorectal cancer (publication dates 2000 to 2011) (17) (18) (19) (20) (21) (22) (23) and seven were in prostate cancer (publication dates 2000 to 2012) (24) (25) (26) (27) (28) (29) (30) . Two of the three breast cancer studies were set in the United States (14;16), and one was in Norway (15) . Two of the seven colorectal studies were set in the United Kingdom (18;23) , two in the United States (21;22) , one in Canada (19) , one in New Zealand (20) , and one in Spain (17) . Three of the seven prostate studies were (15) CEA with a focus on the cost of surgery, radiotherapy, adjuvant therapy, follow up, and the cost of relapse BCS is cost-effective and should not be displaced by mastectomy. BCS following MRM may be considered but there was little evidence to support this treatment option. Malin, 2002(14) CEA that combines short-term gains from surviving the first 10 years with gains from reduced rates of breast cancer recurrence over the rest of the woman's life Adjuvant therapy after surgery, BCS with radiation and reconstruction after mastectomy tend to be more cost-effective than surgery alone. Polsky, 2003(16) Retrospective cohort study with two CEAs -a traditional analysis that compared mastectomy as the standard of care with BCSRT as the new intervention and an alternative CEA where the standard of care is assumed to be an open regimen in which both BCSRT and mastectomy are widely available
Providing a choice between mastectomy and breast conservation surgery is economically attractive when the economic analysis includes the benefit of patient choice of treatment.
Colorectal cancer Miller, 2000(22)
Economic evaluation using institution records Patients with recurrent rectal carcinoma assess the discomfort due to surgery and morbidity to be less severe than health care providers. Surgical resection may be a cost-effective intervention, particularly when cost-effectiveness is calculated using patient preferences.
Govindarajan, 2006(19) Markov Model
Colonic stenting as a bridge to surgery is more effective and less costly than surgery in the treatment of emergent, malignant left colonic obstruction. Murray, 2006(23) Markov model that allows a cohort of patients to progress from their initial operation to convalescence to "disease free" state or death
Laparoscopic resection is associated with a quicker recovery period with no evidence of a change in the mortality rate for a modest additional cost (between £250 and £300 per patient), although operation times were longer. Assuming equivalence of long-term outcomes, a judgement is required as to whether the benefits associated with earlier recovery are worth this extra cost. deVerteuil, 2007 (18) Markov model for a cohort of patients from their initial operation to convalescence to "disease free" state or death LS is likely to be associated with short-term quality of life benefits, similar long-term outcomes, and an additional £300 per patient. A judgment is required as to whether the short-term benefits are worth this extra cost. Hayes, 2007(20) Costing exercise with hospital cost data & RCT recovery data LAC for cancer appears to be cost-effective relative to OC for the lower of the average cost estimates but there is a great deal of uncertainty around the costs. Potential future reductions in operating times, conversion rates and postoperative stays are likely to further improve cost-effectiveness. Callejo, 2011(17) Markov model Although the cost for LS was higher than for OS, LS appeared to accelerate recovery time Jensen, 2011 (21) Model based Laparoscopic resection for colon and rectal cancer results in both decreased costs and slight improvements in quality of life, making it the preferred approach in suitable patients Markov Model which took into account the progression of the patients underlying prostate cancer and the side effects due to individual treatments.
The cost-effectiveness of radical prostatectomy is dependent on the health outcomes included. If only patient survival is considered, then radical prostatectomy is arguably cost-effective. When quality-of-life considerations for prostate cancer and treatment-related side effects are included, watchful waiting becomes the dominant option. Hohwu, 2011(25) Economic evaluation alongside a retrospective cohort study RALP was more effective and more costly. A way to improve the cost effectiveness may be to perform RALP at fewer high volume urology centres and utilise the full potential of each robot. Lyth, 2012(27) A semi-Markov model that use symptomatic disease instead of hormonally controlled metastasis and use refractory disease instead of refractory metastasis, with an assumption that the patients cannot die of PC unless they have developed a refractory disease.
The cost-effectiveness ratio for RP varies with age, Gleason score and prostate-specific antigen values. RP was not perceived to be cost-effective in men aged 75 years with low Gleason and low PSA. Higher threshold values for patients with clinically localized prostate cancer could be discussed. Ramsey 2012 (30) An individual-based event model constructed by discrete-event simulation approach Robotic prostatectomy had lower perioperative morbidity and a reduced risk of a positive surgical margin compared with laparoscopic prostatectomy, although there was considerable uncertainty.
BCS, breast conserving surgery; BSCRT, breast conserving surgery with radiation; CEA, cost-effectiveness analysis; LRARP, laparoscopic remotely assisted radical prostatectomy; LS, laparoscopic surgery; LY, life year; MRM, modified radical mastectomy; MR, magnetic resonance; OS, open surgery; QALY, quality-adjusted life-year; RP, radical prostatectomy; RALP, Robot-assisted laparoscopic prostatectomy; RRP, retropubic radical prostatectomy; WW, watchful waiting. (Figure 2 ), but there were exceptions. In the colorectal and prostate studies, the exact patient population or stage of cancer was either not clear or was not provided in some articles (17;20;21;26) .
The interventions and comparators were generally clearly defined in all the studies. The three breast cancer studies compared breast conserving surgery with mastectomy with one also comparing reconstruction after surgery (14) . (30) , and the final study compared robot-assisted laparoscopic prostatectomy with retropubic radical prostatectomy (25) .
Clinical Evidence. Another essential requirement relates to the clinical data used to quantify potential benefits of the interventions under evaluation. Evidence of a full literature search and, where appropriate, a synthesis of evidence on health effects informed by the systematic review, are mandatory to ensure the data used represent all the evidence available at the time of the study and the associated uncertainty surrounding the point estimates (2-4;6). The effectiveness rates used in the majority of the studies included in this study were not informed by systematic literature reviews or a synthesis of all available data. In breast cancer, none of the studies used effectiveness evidence informed by a systematic literature review or a synthesis of data. In colorectal cancer, five of the seven studies used the results of metaanalyses (17-20;23) . One study used event rates observed in a single hospital as per their research question (22) , and one provided insufficient detail to determine the source of the effectiveness evidence used (21) . In prostate cancer, one study used the results of a meta-analysis (30) , two used data from single randomized control trials (RCTs) with no evidence to suggest alternative evidence was used in sensitivity analyses (27;28) , two used data from retrospective cohort studies (25;29) , one study was informed by a mixture of evidence from RCTs and observational data obtained from a systematic search supplemented by expert opinions (26) , and one provided insufficient detail to determine the source (24) .
Time Horizon. Many of the interventions will have a differential effect on recurrence rates and/or mortality risk hence the most appropriate time horizon for the costs and benefits would be a lifetime (4). However, for individuals with cancer, a lifetime horizon is potentially considerably shorter than that of the general population due to the reduced life expectancy associated with the condition. Over half (10/17) of the studies took account of longer-term costs and benefits associated with the interventions using a minimum of 10 year horizons (14;18-19;23;24;26-28) . The remaining studies arguably underestimated both the costs and benefits of the interventions. One study used the average weighted survival duration (42 months for resected patients) (22) . One restricted costs and QALYs to the first post-operative year (25) , while one used 5-year retrospective data without extrapolating either costs or benefits (16) . Two studies, which limited the perspectives to that of single hospitals, presented incremental benefits over short horizons without extrapolating to account for downstream benefits or costs. One restricted the time horizon to length of stay, estimating the incremental difference in recovery time (20) , while the second study estimated the reduction in months (range, 3.79 to 8.67 months) of incontinence or erectile dysfunction (29) .
HRQoL. HRQoL data should be collected directly from patients with the conditions described in the economic model and preferably from patients in receipt of the interventions under evaluation (4;7). When it is not possible for patients with the conditions to provide these values, then proxy values may be obtained from their principle carer. However, values obtained from healthcare professionals are not appropriate and have been shown to differ substantially from those obtained from patients with the condition being valued (31) . The description of sources of HRQoL data was poor in many of the studies. While over a third of the studies (7/17) incorporated HRQoL data which were collected directly from individuals with the condition of interest, three studies used HRQoL data obtained from clinicians (14;15,22;23), or nurses (15;23), and one study assumed HRQoL values based on the New Zealand social tariff (20) . There was insufficient evidence to determine the source of the HRQoL data in six of the studies (15;17;21;24;26;29).
Uncertainty. All economic evaluations should accurately characterize the decision uncertainty associated with the interventions under evaluation. At the very least, univariate sensitivity analyses should be conducted to illustrate both structural uncertainty (for example assumptions relating to the description of the clinical pathway, or the extrapolation of data) and uncertainty around key parameter values (for example if different sources for HRQoL or cost data are available) (4). Ideally, a full probabilistic sensitivity analysis using Monte Carlo simulations would be performed to demonstrate the uncertainty around the mean point estimates used (8) , and is encouraged by several decision-making bodies (3;4;6).
The majority of studies (13/17) performed univariate sensitivity analyses to illustrate the effect on results associated with variations in key parameter inputs. Many of the authors reported cost-effectiveness results were sensitive to changes in parameter values and particularly for recurrence rates, hernia rates, HRQoL values, and side-effects of treatments. The full range of uncertainty was poorly captured with less than one third (5/17) of the studies presenting the results of a full probabilistic sensitivity analysis (17;19;23;27;30) . It is perhaps surprising that some of the newer publications did not report these results as this is now considered to be standard practice in health economics.
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Preferred Requirements
Although the preferred outcome from economic evaluations varies depending on the reimbursement body, the cost per QALY, where the valuation of the HRQoL is based on public preferences, is now a pivotal requirement for submissions to NICE (4). The QALY describes both survival and HRQoL weights in a single metric and is the recommended gold standard to facilitate comparison across disparate conditions and equity in policy decisions (8) . Although all studies reported results in terms of a cost per QALY (or cost per quality adjusted month) (19) , few (4/17) used general population weights for all utilities (18;20;24;25) . One study mapped from HRQoL values onto a scale assuming 0 and 100 were equal to death and full health, respectively (15), while two studies used patient values from the patients' completed Euroqol VAS, again assuming 0 and 100 were equal to death and full health, respectively (16;27) . Three studies elicited weights from clinicians using standard gamble (14;22;23) , while a fourth used time-trade off to derive values from patients. Six studies provided insufficient detail to determine if general population weights were used (14;15;17;21;26;29) .
UK Specific Requirements
Discount rates are both jurisdiction and time dependent and are used to ensure results reflect the present value of the cost and benefits accrued over the duration of the analyses (4). Not surprisingly, due to the differences in settings and the publication dates, only 3/17 of the studies used the current UK recommended discount rates (3.5 percent per annum) for costs and benefits (27;28;30) . However, all studies that used horizons over one year did discount costs and effects.
While some reimbursement bodies restrict the perspective to the direct healthcare resource costs and savings directly attributed to a health service, others take a broader societal view and require indirect costs such as productivity losses or caregiver's time (5) . Two-thirds (13/17) of the studies limited costs to direct healthcare costs (14-16;18-20;22-24;26-30) , and two of these restricted costs to those directly incurred by hospitals (20) (21) (22) . The remainder took a broader perspective and costs such as productivity losses (21;25) , and caregiver's time (21), were included.
Applying the NICE threshold value of GBP 20-30 k (EUR 25-37.4 k) per QALY, irrespective of the time of publication, the setting or adherence to the NICE methods guide, breast conserving surgery plus axillary mode dissection compared with modified radical mastectomy would be considered cost-effective while breast conservation surgery with radiation therapy compared with mastectomy would not be considered cost-effective (14) . There are multiple reasons for this including cosmesis, patient preferences, and the added cost of reconstruction which is used after mastectomy in over 20 percent of all cases and recurrence rates requiring further interventions (32;33) . It should be noted that the latter comparator is no longer appropriate in the current clinical context as it is now current practice, with rare exceptions, for radiation to be administered after conservation therapy.
Applying the GBP 20-30 k (EUR 25-37.4 k) per QALY threshold to the studies on colorectal cancer, the probability that laparoscopic surgery would be considered cost-effective compared with open surgery ranged between 30 percent (18) and 40 percent (23) and univariate analyses produced results where laparoscopic surgery either dominated (higher costs and lower benefits) open surgery or was dominated (lower costs and larger benefits) by open surgery suggesting considerable uncertainty (18;20;23) . The evaluation of emergency colonic stenting as a bridge to definitive surgery dominated emergency surgery in individuals with emergent, malignant left colonic obstruction (19) , and non-surgical treatment dominated both surgical resection and diagnostic/palliative surgery in individuals with recurrent colorectal cancer (22) .
Applying the GBP 20-30 k (EUR 25-37.4 k) per QALY threshold to the studies for prostate cancer, radical prostatectomy treatment is unlikely to be considered cost-effective compared with watchful waiting due to considerable uncertainty around the incremental cost-effectiveness ratio (ICER). Again, the cost per QALY results ranged from below GBP 20 k (EUR 25 k) per QALY (except for men aged 75 and over) when the decision was based on patient survival only (27) , to dominated when side effects of the surgical technique were taken into account (28) . While a marker-based (DNA-ploidy) treatment selection policy would be considered cost-effective compared with watchful waiting using these thresholds, both policies dominated the "prostatectomy for all" option (24) . However, the ICER was highly sensitive to factors such as sensitivity and specificity (24) , and in one study the ICER ranged from approximately GBP 2 k (EUR 2.5 k) per QALY to GBP 84 k (EUR 105 k) per QALY (27) . Robotic prostatectomy was likely to be costeffective at GBP 30 k (EUR 37.4 k) per QALY in comparison to laparoscopic prostatectomy when the number of procedures performed per year with the robotic system was over 150 (30) , whereas radical prostatectomy was cost-effective at GBP 20 k (EUR 25 k) per QALY threshold compared with open surgery (29) .
DISCUSSION
The limited numbers of studies included in the reviews highlight the scarcity of economic evidence for surgical procedures in these indications. The searches identified just three studies for breast cancer surgery, all were published before 2003 (14) (15) (16) . Of the seven colorectal cancer studies, only two were published after 2010; (17, 21) and of the seven prostate cancer studies, three were published after 2010 (25;27;30) .
Although some UK specific requirements were included in the methodological checklist (Figure 1) , the vast majority of Economic evidence of surgical procedures in cancer criteria used to assess the scientific rigor of the studies are fundamental requirements for any economic evaluation in health care and are, therefore, generalizable to other settings and decisionmaking bodies. Scientific rigor is improving in economic evaluations generally, and older publications may not conform to current practice. The studies included in the reviews cover a broad publication range with six (6/17) published before 2004 (older publications) and five (5/17) published after 2010 (recent publications). Assessing the studies chronologically (Figure 2) , there is a marked difference in the proportion that satisfies the essential criteria. For example, although only 5/17 of all the studies reported results of full probabilistic sensitivity analyses, none (0/6) were older publications and three (3/5) were recent publications. Similarly, although only 6/17 used a systematic review and meta-analysis to inform the clinical evidence used, none (0/6) were older publications and three (3/5) were recent publications. Similar rates were observed for the use of HRQoL data reported directly by the patients or carers with none (0/6) of the older publications using these data compared with two (2/5) of the recent publications. While the majority of the older evaluations were not undertaken using the current requirements for sources of evidence (clinical data informed by a systematic literature review/synthesis, HRQoL data from patients with the condition) and uncertainty (probabilistic sensitivity analysis) the recent publications would be expected to conform to these basic standards.
There were several essential requirements which were not satisfied in many of the publications. First, much of the clinical evidence was not supported by a systematic review of the literature or a synthesis of the relevant evidence, and very few authors presented the results of a full probabilistic sensitivity analysis. Relying on the effectiveness evidence from a single clinical study or hospital setting in isolation, with no reference to the relevant published evidence, can be misleading as the effectiveness evidence from a single study may differ substantially from other evidence in the area. This may hinder and even mislead policy decision makers in some cases. While it is not always possible to conduct a full systematic literature review and evidence synthesis within the resource allocations of a project, it is generally possible to compare the effectiveness evidence used with the literature. If the data used are comparable to the published literature, this will increase confidence in the results presented. If the data differ substantially from the published literature, then the results obtained using the different values should be compared (preferably using a probabilistic sensitivity analysis) to determine if the evaluation is sensitive to variations in these parameters. Exploring the uncertainty around the point estimates is particularly relevant if the evidence comes from a novel intervention where there is no existing evidence.
The second and closely related area where many of the studies failed to meet requirements was in the choice of time horizon used to sum the benefits and costs accrued from the alternative interventions. It is widely accepted that if an intervention has a differential effect on survival, the most appropriate horizon would be a lifetime. As the patients in the evaluations had cancer, then a shorter horizon (say 10 to 20 years) may be considered sufficient. However, many of the studies restricted the horizon to less than 5 years, or did not provide details of the length of horizon used. It is unlikely that a time horizon of 1 year will accurately reflect the full benefits of an intervention in patients with cancer. While some analysts may be reluctant to rely on assumptions to extrapolate beyond the duration of the clinical evidence, the effect of longer horizons should be explored in sensitivity analyses to determine what if any difference this makes to the results generated.
The final area where many of the studies failed to satisfy the essential requirements relates to the HRQoL data used within the analyses. Over half of the studies did not use data collected from patients (or their carers) with the particular conditions. Reporting standards for both the source of evidence and the methodology used to collect these data were particularly low. Many policy makers require that the preference-weights used to determine QALYs are obtained from the general population. There is an argument that in some health conditions, generic measures such as the EQ-5D may not be sensitive to small changes in dimensions of health or features of a particular condition. In these cases, a condition specific measure of health, such as the Functional Assessment of Cancer Therapy (FACT) for patients with cancer, may be more relevant (34) . At the moment the FACT measure does not have a corresponding preference-weighted index which could be used to determine the QALYs in an economic evaluation. While several of the studies (4/17) conducted analyses to elicit preference weights for defined health states in the evaluations, in many of the studies it was impossible to determine what preference-weights, if any, had been used.
To our knowledge, little or no research has been conducted to date which has compared the equivalence of reporting standards for economic evaluation for surgical procedures and those for pharmaceutical products. Comparing methods and standards in economic evaluation of medical devices and drugs, authors highlighted key challenges for evaluating medical devices. These may generalize to surgical interventions including the practical difficulties in conducting randomized controlled trials (35) (36) , the dependence of outcome on the surgeon's expertise (35) . and the wider organizational impacts associated with introducing new devices which may differ by location (35) (36) . In some countries (for example Australia and Canada), HTAs and cost-effectiveness analyses focus on pharmaceuticals rather than the full range of health-care technologies, which may go some way to explaining why there is a dearth of evidence on surgical interventions.
Given the scarcity of literature and relatively dated clinical evidence for some of the indications and procedures, it is reasonable to question what economic evidence is used to
